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SUMMARY 
This paper describes a drying experiment of a calcium silicate sample. Calcium silicate is an 
inorganic, hygroscopic and capillary active insulation material, that is often used as high-temperature 
or fire resistant insulation. During the drying experiment a small test sample (10cm x 10cm x 5cm), of 
which the sides and bottom were sealed for moisture, was saturated with water. The sample was 
placed in a climatic chamber, conditioned air was blown over the top surface of the sample. The 
temperature inside the sample at various depths as well as the mass change of the sample was 
monitored during the drying experiment.  
The measurement results revealed an atypical drying behaviour of calcium silicate: during the second 
drying phase an intermediate temperature equilibrium seemed to occur. A recently developed heat and 
mass transport model that was implemented in a finite element solver, was used to study the observed 
phenomena in more detail. Based on the numerical simulations it was clear that as the material dries 
out, the dry top layer of the sample acts as an insulation layer on top of the wet material, causing the 
jump in temperature.  
Introduction  
Due to poor construction quality or deficiencies, building materials can be wetted due to surface 
condensation or interstitial condensation, rain penetration, water leakages, rising damp etc. If the 
building materials cannot dry out this may lead to severe moisture-related damage such as loss of 
thermal insulation quality, corrosion, wood rot, etc.  
In the past a lot of research focused on the drying and wetting kinetics of porous (building) materials. 
Based on the knowledge of heat and moisture transfer in porous materials, several numerical models 
have been developed that help scientists and engineers to understand and predict the drying and 
wetting behaviour of porous (building) materials. Although the drying behaviour of most common 
building materials has already been studied, insulation materials were seldom addressed because, in 
contrast to building materials such as brick, wood or gypsum board, most insulation materials are non-
hygroscopic and non-capillary. However, a building material such as calcium silicate (Ca2SiO4) 
combines a hygroscopic and capillary active behaviour with a relatively low thermal conductivity. The 
high moisture buffering capacity of calcium silicate enables it to dampen humidity variations and 
occasional interstitial condensation can be redistributed and transported out of the material due to the 
high capillary activity. 
Due to its resistance to high temperatures this kind of material is often used as high-temperature or fire 
resistant insulation. Also, it is often used as thermal insulation material in interior insulation systems 
without a vapour barrier (Pavlík 2012).  
In this paper the drying behaviour of calcium silicate when initially saturated with water is studied. 
Due to the combination of a high capillary activity and low thermal conductivity when dry, the 
material reveals an atypical drying behaviour. 
Drying experiment 
Set-up 
In the drying experiment a calcium silicate test sample measuring 10cm x 10cm x 5cm was used. Both 
the sides and the bottom of the sample were sealed for moisture using silicone rubber. To insulate the 
sides of the sample, polyurethane foam (5 cm thick) was used, having a thermal conductivity of 0,023 
W/mK. Various thermocouples were installed in the sample at a depth of 7mm and 17mm to monitor 
the temperature over time during the drying of the sample. Two thermocouples were installed 
respectively at the bottom of the sample and at the bottom of the PUR insulation. After calibration, 
temperature is measured with an accuracy of 0,1°C. The position of the thermocouples is shown in 
FIG 1. 
 
FIG 1. Longitudinal (above) and cross section (below) of the calcium silicate test sample: 
CaSi=calcium silicate; PUR = polyurethane insulation; Al = aluminium  
The sample was placed in a climatic chamber, and conditioned air was blown over the top surface of 
the sample. Airflow flowing from one side over the sample could result in a leading edge effect: the 
leading edge may dry faster than the trailing edge. In order to evaluate this effect, three thermocouples 
were installed at 7mm and 17mm, centrally, upstream and downstream of the airflow. However, the 
measured temperatures at these locations did not indicate such leading edge effect.  
Before the experiment, the sample was saturated with water by immersing it. Next, the sample was 
placed on a balance in a climatic chamber. The climatic chamber consists of an inner chamber (1,8m 
width x 1.89m depth x 1.8m height) and an outer chamber (3,0m width x 2,7m depth x 2,4m height) 
and was used to ensure well-controlled boundary conditions. Both chambers are well-insulated and 
vapour tight (Steeman 2010, Van Belleghem 2011). The climatic chamber contains an air handling unit 
that allows to control the supply air velocity, temperature and relative humidity. During the 
experiments, the inlet air temperature was controlled at 30 ± 0.1°C, the relative humidity of the inlet 
air was 20 ± 1.4%. The test room was ventilated with an air change rate of 10ACH. 
 FIG 2. Vertical schematic section of the climatic chamber with the calcium silicate sample placed just 
beneath the air inlet on top of the balance.  
The sample was installed in such a way that the air jet flows over the top surface of the sample (FIG 
2). During the drying experiment, the mass change of the sample was measured over time. A precision 
balance (PE1200 Mettler-Toledo) was used, after calibration the precision was ± 2g. 
Results of the drying experiment 
Average mass loss 
Because it was difficult to perfectly control the boundary conditions during the experiment (due to 
some imperfect insulation of the climatic chamber), the drying experiment was repeated several times. 
An average mass loss curve was derived from these measurements.  
 
FIG 3. Measured (black) and simulated (grey) moisture content of the sample during the drying 
experiment  
FIG 3 shows, as a result of the continuous weighing of the sample, the evolution of the sample mass 
during first nine days of the drying experiment. The error bars indicate two times the standard 
deviation of the successive measurements and are a measure of the uncertainty on the mass loss due to 
variations in the boundary conditions between the experiments. In FIG 3 two drying phases can be 
clearly distinguished. During the first two days of the experiment, the sample mass decreases at a 
constant rate. This is the constant drying period (CRP). After two days, the mass change slows down 
and the drying rate decreases accordingly. This period corresponds to the falling period (FRP) or the 
second drying period. 
Temperature 
FIG 4 shows the temperature course at 7 mm and 17 mm depth in the calcium silicate during the first 
nine days of the drying experiment. The temperature evolution clearly shows three drying stages. A 
constant drying period can be observed during the first two days, as was also seen in the average 
moisture content measurements (FIG 3). During this period, the temperature in the sample drops near 
to the wet bulb temperature. After two days, the surface of the sample starts drying out, and the sample 
enters the second drying period. In this period, the drying rate decreases and temperature in the sample 
rises.  
 
 
FIG 4. Temperature evolution during the drying experiment (a) at 7mm depth in the sample, and (b) at 
17mm depth in the sample : measured (black) and simulated (red) 
Furthermore, the temperature rise seems to occur in two phases: first the temperature rises to ± 24°C 
and a new temperature equilibrium seems to occur. After some time, the temperature rises even further 
to eventually reach the supply air temperature (± 30°C). At that moment the sample is completely 
dried. This intermediate temperature platform was also observed by Kowalski (2007) during their 
experiments in which they have studied the convective drying of a cylindrical kaolin sample.  
Numerical convective drying model 
Next, the convective drying of the calcium silicate sample was modelled using a recently developed 
heat and mass transfer model that was implemented into a 3D finite element solver (®Fluent). The 
coupled heat and mass transfer model includes both vapour and liquid moisture transfer. In the model, 
the driving force for liquid transport was the capillary pressure, the partial vapour pressure was used as 
the driving force for vapour transport. The model was developed for studying phenomena such as 
moisture-related damage and drying of building materials more accurately. The model allows for 
three-dimensional simulations. 
For more information about the transport equations for heat and mass that are used in the coupled 
model the reader is referred to Van Belleghem (2013). 
Simulation model  
The convective drying of the calcium silicate sample was modelled using a computational domain 
representing the actual test section. For symmetry reasons only half of the test sample was modelled. 
The computational domain is shown in FIG 5. The grid was fine near the top surface of the sample and 
courser towards the bottom (in total 72390 cells). The polyurethane insulation layer was included in 
the computational domain. The PUR insulation was assumed impermeable for moisture. At the top 
surface a constant convective heat transfer coefficient of 25 W/m²K was imposed, at the sides and 
bottom surface a constant value of 8W/m²K was imposed. 
In order to account for potential heat gains by radiation from the environment, an additional radiation 
heat flux was imposed to the top surface of the sample. The convective drying was simulated for nine 
days, using a time step of 60s. 
 FIG 5 Computational domain with boundary conditions on exterior surfaces 
Preliminary simulations 
In the current set-up, the boundary condition at the top surface of the calcium silicate material is 
complicated. Due to the round air inlet in the experiment, the airflow over the calcium silicate sample 
has a three-dimensional character and the convective heat and mass transfer distribution over the 
surface is two-dimensional. Therefore, it is not possible to impose a single constant convection 
coefficient to this surface. Furthermore, previous studies have shown that the convective heat and 
mass transfer coefficients have a dominant role during the first drying rate period, while during the 
second drying rate period, the drying rate is mainly determined by the internal transport properties of 
the porous material.  
Preliminary CFD simulations were performed in order to estimate the course and distribution of the 
convective transfer coefficients at the top surface of the calcium silicate sample. In these simulations 
only the part near the inlet of the climatic chamber was modelled. These preliminary simulations show 
that these transfer coefficients have a complex distribution. Near the air inlet where the boundary layer 
starts, the convective transfer coefficients are higher. The average heat and mass transfer coefficient 
are 50.8 W/m²K and 0.0603 s/m respectively. More details on the preliminary simulations and the two-
dimensional transfer coefficient distribution can be found in Van Belleghem et.al. 2013. 
Material properties 
The material properties required in the coupled heat and mass transfer model (TABLE 1) were taken 
from the HAMSTAD project, where the material properties of calcium silicate were extensively 
measured (Roels 2003 and Adan 2004). The coupled heat and mass transfer model makes use of the 
vapour diffusion resistance , the liquid permeability Kl and the moisture capacity ∂w/∂pc. The water 
vapour resistance factor and the sorption isotherm are formulated by Eq. (1) and Eq. (2) respectively, 
where RH is the relative humidity (-), T is the temperature (K) and Rv is the specific gas constant for 
water vapour (J/kgK). a and n are constants, respectively equal to -2,936 x 10
-5
 and 1,7266. The liquid 
permeability of calcium silicate is shown in FIG 6. 
   16 84.6exp1049.233.0  RHx                                                                               (1)                                                                     
   
 
n
n
n
vliqcap RHTRaww


1
ln1          (2) 
TABLE 1. Material properties of calcium silicate, based on Roels (2003) and Adan (2004) 
Density  (kg/m³) 270 
Thermal conductivity (W/m.K) 0,06 + 5,6 . 10
-4
  w 
Specific heat cp (J/kg.K) 1000 
Vapour resistance dry (-) 3 
Capillary moisture content wcap (kg/m³) 894 
Open porosity 0 0,894 
 
 
FIG 6 Liquid permeability of calcium silicate, based on Roels (2003) and Adan (2004) 
Simulation results 
The drying experiment was modelled using the developed coupled heat and moisture transfer model. 
The results of the simulated mass loss and the temperatures over time can be found in FIG 3 and FIG 4 
and show a good agreement with the measurements. The intermediate temperature platform that was 
observed in the drying experiment during the second drying period, was also noticed in the numerical 
simulations. FIG 7 shows the temperature distribution in a longitudinal section of the calcium silicate 
sample every 24 hours. On the x-axis the length of the sample is shown, on the y-axis the height of the 
sample is presented. The PUR insulation layer is also depicted in FIG 7, the calcium silicate sample is 
indicated with a thin black line. At the start of the simulations, the calcium silicate sample was 
saturated with water. As the material dries out, a low temperature zone moves into the material. This 
can be clearly seen in the temperature distribution after the first day of the experiment (FIG 7a). The 
temperature at the top surface of the calcium silicate sample drops to about 16°C, while the bottom 
side still has a temperature of about 24°C. 
 
 
(a) after 1 day 
 
(b) after 2 days 
 
(c) after 3 days 
 
(d) after 4 days 
 
(e) after 5 days 
 
(f) after 6 days 
 
(g) after 7 days 
 
(h) after 8 days 
 
(i) after 9 days 
FIG 7 Temperature distribution in a longitudinal section of the calcium silicate sample, shown every 
24 hours 
The intermediate temperature platform observed in the measurements and the simulations can be 
explained by the moisture front that is moving in the material, as it dries out. At one side of this 
moisture front, where the material has already dried out, the relative humidity is low. At the other side 
of the moisture front, the material is still wet and hence the relative humidity is still close to 100%. At 
the moisture front, liquid water is evaporating, causing a local drop due to the latent heat accompanied 
with the evaporation process. For the calcium silicate sample, the intermediate temperature platform is 
additionally pronounced due to the low heat conductivity of the material when dry. Hence, the dry top 
layer of the calcium silicate sample acts as an insulation layer on top of the wet material, keeping the 
temperature in this wet part of the sample low.  
The temperature platform that was observed in FIG 4 between the second and the fifth day of the 
drying experiment can also be noticed in FIG 7: during this time the temperature in the upper layer of 
the sample stays more or less stable around 24°C while from the 5th to 7th day on, the temperature 
increases to about 28°C, which is in accordance with the findings in FIG 4. 
Conclusions 
This paper presents a convective drying experiment conducted with a calcium silicate sample. The 
experiment showed a very specific drying course of the calcium silicate material: during the second 
drying period an intermediate temperature platform was observed. By means of simulations this 
phenomenon could be explained. A recently developed coupled heat and moisture transport model that 
includes both water vapour diffusion and liquid water transport was used to model the convective 
drying experiment. The model allows for three-dimensional simulations of the temperature and 
moisture distribution and is very well-suited to this kind of application. The simulations showed that 
the intermediate temperature platform could be explained by the low thermal conductivity of calcium 
silicate when being dry. As the sample dries out, a moisture front moves into the sample. At the top 
side of the sample the material is already dry, and acts as an insulation layer. By consequence, the heat 
that is needed for evaporation of liquid water at the moisture front, is taken from the sample, hence 
lowering locally its temperature. This phenomenon is clearly linked to hygroscopic capillary active 
insulation materials and cannot be found in non-insulating materials such as ceramic brick.   
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